While high-copy-number IS6110-based restriction fragment length polymorphism (HCN-RFLP) is the gold standard for typing most Mycobacterium tuberculosis strains, the time taken for culturing and low throughput make it impractical for large-scale prospective typing of large numbers of isolates. The development of a new method, mycobacterial interspersed repetitive units (MIRU), a variation of the original variable-number tandem repeat (VNTR) technique, may provide a viable alternative. Panels based on the original 12-loci MIRU (12MIRU), a combination of 12MIRU and remaining ETR loci (15MIRU-VNTR), and an extended panel with an additional 10 novel regions (25VNTR) were used to study three populations with varying degrees of epidemiological data. MIRU discrimination increased with panel size and the addition of spoligotyping. Combining these two techniques enabled a reduction in the panel size from 25 to 14 loci without a significant loss in discrimination. However, 25VNTR alone or in combination with spoligotyping still possessed weaker discrimination than RFLP for high-copy-number isolates.
Molecular typing methods have greatly enhanced our understanding of the epidemiology of tuberculosis and allowed us to identify outbreaks and infer transmission within populations (1, 5, 33, 41) . Currently the method giving the highest discrimination between Mycobacterium tuberculosis strains is IS6110 restriction fragment length polymorphism (RFLP), a method that relies on the detection of the position of IS6110 elements relative to PvuII restriction sites within the genome (39) . This approach provides a high level of discrimination, even though it has been shown that insertion into the genome is not entirely random (12, 31) . The highest discrimination is seen where strains contain five or more copies of the IS6110 element, and under these circumstances it should be considered the reference method. It is usual to use a further typing method where fewer IS6110 elements are present. RFLP patterns formed from isogenic strains have been shown to be stable (7, 29) , allowing for comprehensive studies over a long time period (10, 11) . These studies are in the most part retrospective and have been used to demonstrate linked outbreak cases and risk factors for tuberculosis infection. Prospective typing is also possible using this technique. Such a typing strategy hastens the availability of data, meaning that questions surrounding transmission events and possible outbreaks can be resolved rapidly. In addition, unsuspected outbreaks that would not ordinarily be classified as being related due to geography or time may now be identified. Earlier intervention in both previously suspected and unsuspected outbreaks reduces the risk of further transmission.
There are a number of problems with the IS6110 RFLP technique, however, that make it less useful for long-term prospective studies. A large amount of genomic DNA is required, and the method is labor-intensive, causing delay in typing and limiting the achievable throughput. Furthermore, the level of discrimination seen is not uniform for all strains typed. The highest level of discrimination is seen with strains containing five or more IS6110 copies, referred to as highcopy-number strains (HCN), with clusters formed being largely indivisible by other methods. Less discrimination is seen between strains containing fewer than five IS6110 copies, referred to as low-copy-number strains (LCN); a second method, for example, spoligotyping, can be used to divide such clusters (6, 17, 21) .
DNA amplification-based methods overcome delays caused by the need to culture sufficient biomass and are amenable to high-throughput analysis, thus improving throughput. Spoligotyping (21) has a higher throughput than RFLP and can be run using crude extracts of DNA. However, the discriminative power of this technique is lower than that of IS6110 RFLP, which in turn would lead to an overestimation of true transmission if used alone (16) or at least difficulties in interpreting results. Variable-number tandem repeat (VNTR) analysis is another DNA amplification-based typing method. This method enumerates the number of tandem repeats at each of a series of loci throughout a genome by amplification of a given locus using primers targeting flanking regions and determining the length of the resultant fragment. This typing method has been applied to diverse organisms, from humans to the nonculturable bacterium Mycobacterium leprae (18) . Analysis of the genomes of both M. tuberculosis H37Rv (8) and M. tuberculosis CDC1551 (14) have indicated 1,500 potential regions that contain tandem repeats that vary in size between 5 and 100 bp (http://minisatellites.u-psud.fr). Five loci, ETR-A, -B, -C, -D, and -E, were initially identified as showing sufficient variation for the typing of M. tuberculosis strains (15) , and some studies showed that the discriminatory power was greater than that of spoligotyping but fell significantly short of that produced by RFLP (4, 13) .
More recently, a set of 12 VNTR loci has been described as being useful for the typing of M. tuberculosis; these loci have been designated mycobacterium interspersed repetitive units (MIRU). This set of 12 loci (designated 12MIRU) includes 2 of the previously described set of 5 ETR loci (ETR-D and ETR-E) (25, 32, 37) . In addition to the 12 MIRU loci and 5 ETR loci, there is published data on a number of other VNTR loci (24, 30, 35, 36) . Existing studies have demonstrated the potential of VNTR typing using 15-loci VNTR (a combination of the 12 MIRU loci and the remaining 3 VNTR loci, designated 15MIRU-VNTR) as a typing tool. Reporting on a series of four investigations using this 15-loci VNTR for typing, a very close correlation was found between the results of IS6110 RFLP and VNTR type (19) . There is little data available to assess the performance of VNTR typing of M. tuberculosis in a diverse population with a high proportion of samples with unknown epidemiological links, thus mimicking prospective typing of M. tuberculosis isolates on a population scale. Furthermore, most of the studies done do not compare the results of the VNTR-based testing to that of RFLP analysis. A study made up of these components would categorically demonstrate the usefulness of VNTR-based typing as a substitute for or adjunct to the RFLP method.
In this study, three different M. tuberculosis isolate panels were used to define the role of VNTR typing more clearly, using 25 published VNTR loci, which included the 12 MIRU loci and ETR-A, -B, and -C, in applications from outbreak investigations to prospective typing of large populations.
MATERIALS AND METHODS
Mycobacterial cultures. Mycobacterial cultures were identified as M. tuberculosis complex using a combination of growth, microscopic, and biochemical characteristics, as well as DNA hybridization tests (Accuprobe; GenProbe, San Diego, Calif.). Cultures were grown on solid Lowenstein-Jensen medium or in Middlebrook 7H9 medium supplemented with 10% (vol/vol) oleic acid-albumendextrose-catalase supplement. Samples were incubated for up to 8 weeks in the case of solid media and for 2 weeks in the case of liquid culture.
Mycobacterial cultures were analyzed in three panels, designated studies 1, 2, and 3. Study 1. Study 1 consisted of 71 isolates drawn from 11 outbreaks investigated by the Health Protection Agency (Mycobacterium Reference Unit), which were coded and analyzed blind using VNTR. Data consisting of RFLP, spoligotyping, rapid epidemiological testing (RAPET) (44) , and epidemiological information were combined and formed the basis for the decision analysis for clustering and comparison with the VNTR-determined clustering. MIRU clustering was performed blinded to this information. Study 2. Study 2 consisted of 126 isolates, for which full epidemiological data were available, out of a total of 174 isolates from patients in one city in the middle of England (Leicester) during a 1-year period known to contain isolates from one major outbreak. The VNTR analysis was again blinded to the RFLP, spoligotyping, RAPET, and epidemiological data that were used to define "true" clustering.
Study 3. Study 3 consisted of 248 isolates randomly selected from a collection of all isolates from culture-positive patients seen in London, England, during the first two months of 1998. This collection was part of a larger study involving 2,500 strains. Very limited epidemiological information was available, and cluster comparison was performed against HCN-RFLP and LCN-RFLP/spoligotype-defined clusters. In this case, these two molecular methods (which indeed are our standard practices) were used in the definition of true clustering.
Extraction of DNA. The extraction and quantification of DNA was performed as described previously (44) . Genomic DNA was diluted in distilled water in a ratio of 1:100 before being used for spoligotyping and MIRU/VNTR typing.
IS6110 RFLP and spoligotyping. IS6110 RFLP was performed as previously outlined by van Embden et al. (39) . Images were recorded and analyzed using Bionumerics software (Applied Maths, St. Marten-Latem, Belgium). The analysis parameters were as follows: the initial tolerance level was set at 3%, with confirmation of clustering being undertaken by visual inspection. The resulting dendrogram was created using the unweighted-pair group method using average linkages (UPGMA) program. In the case of the third panel, where there was limited epidemiological data, an approach of 100% identity between grouped RFLP patterns was taken to define a cluster. In the case of the first two panels, where this extra information was available, patterns that differed by one band were considered linked if these data were supportive. This occurred once in panel 2, where one band was missing from the 14-band RFLP pattern seen in the other members of an epidemiologically well-defined cluster.
Spoligotyping was performed as previously stated by Kamerbeek et al. (21) . Images were transferred and analyzed using Bionumerics software (Applied Maths, St. Martens-Latem, Belgium) using the DICE setting with the dendrogram produced using the UPGMA program.
VNTR typing. Twenty-five VNTR loci were analyzed in each of the M. tuberculosis cultures (designated 25VNTR). The 25 VNTR loci consisted of the 12 MIRU loci described by Supply et al. (37) and Kwara et al. (23) . ETR-A, -B, and -C were described by Frothingham and Meeker-O'Connell (15) , and an additional 10 loci were from those described by Le Fleche et al. (24) ; for a listing of the various loci that were used in this study, see Table 2 . Primers and dyes used for analysis of the 12 MIRU loci were those used by Kwara et al. (23) . In each case only the forward primer was labeled (Proligo France, Paris, France), while reverse primers were unlabeled (Invitrogen, Paisley, United Kingdom). Primers for ETR-A and -B were as described by Frothingham and Meeker-O'Connell (15), with ETR-A labeled with dye 2 and ETR-B labeled with dye 4. Primers for the remaining 11 loci were designed using PrimerSelect (DNAStar, Madison, Wis.) from sequences obtained on the Tuberculist website (http://genolist .pasteur.fr/TubercuList/) for M. tuberculosis H37Rv. These primers and the dyes used are described in Table 1. DNA amplification setup and conditions of all analyses were as described by Kwara et al. (23), with the following amendments. It was found that the addition 
Locus
Primer sequence Dye ETR-C Forward, 5Ј-AGT GGC AGT GGC GGT TAT CTC G-3Ј; reverse, 5Ј-ATC ACC GGC GGG CGT CTT-3Ј 3 VNTR-424
Forward, 5Ј-CCG CCC TGG TCG GGA-3Ј; reverse, 5Ј-CGG CAT CCT CAA CAA CGG TAG C-3Ј 3 VNTR-531
Forward, 5Ј-CTG CCG AGG CCC GCG TTG ATT GT-3Ј; reverse, 5Ј-GAC GTG GCG GCG ATG GCT GGT TA-3Ј 2 VNTR-1955 Forward, 5Ј-TGT CGA GTT CAC CGT CCA TCA T CT-3Ј; reverse, 5Ј-CCG ACG CCA ATA GCA CAG CAC CAG-3Ј 4 VNTR-1982 Forward, 5Ј-GGA ATG GCT ACG GAA GGA ATA CTC-3Ј; reverse, 5Ј-TTA CGA CAC CTG ATC TGA CTC TGC-3Ј 2 VNTR-2074 Forward, 5Ј-CGC GAG GAC GAG GTG GAG AA-3Ј; reverse, 5Ј-ACA ATTGCA GCC AGA GAT GAG ACG-3Ј 4 VNTR-2163a Forward, 5Ј-CCC GGG GCG CTC GTG ATG-3Ј; reverse, 5Ј-CGG CGG CAC CCT GGA GTC TGG-3Ј 4 VNTR-3232 Forward, 5Ј-CAC TAG TTG TTG CGG CGA TGG T-3Ј; reverse, 5Ј-AAG GGC GGC ATT GTG TTC C-3Ј 3 VNTR-3239 Forward, 5Ј-GAC TTC GGG CAG CTC GGG CAT CC-3Ј; reverse, 5Ј-CCG CGG TGG TTG TCG TGA TG-3Ј 2 VNTR-3336 Forward, 5Ј-GAT CGG GTG CAG TGG TTT CAG GTG-3Ј; reverse, 5Ј-GGG CGG CCA GCG GTG TC-3Ј 3 VNTR-3690 Forward, 5Ј-CGA GGA TCA CGA TGC GGG TCA C-3Ј; reverse, 5Ј-GGC GGG GGC TCG GGT GGT A-3Ј 4
a Dyes were used to label the forward primer.
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of 1% dimethyl sulfoxide (final volume) improved the efficiency of the amplification reaction. Fragment analysis of labeled PCR products was performed using a CEQ-8000 genetic analysis system (Beckman-Coulter, Fullerton, Calif.) run at 6.0 kV for 45 min. The 12 MIRU loci and ETR-A, -B, and -C loci were analyzed using a 60-to 640-bp ladder labeled with dye 1 (Beckman-Coulter, Fullerton, Calif.). The additional 10 loci were analyzed using both the 60-to 640-bp ladder and a 600-to 1,000-bp ladder again labeled with dye 1 (Bioventures, Murfreesboro, Tenn.). The resulting data were analyzed on Bionumerics (Applied Maths, St. MartenLatem, Belgium) software and clustered based on a comparison of character. The dendrogram was created using UPGMA. Samples that could not be analyzed using the automated system were run on 1.5% (wt/vol) agarose gels and sized against a 100-bp ladder (Promega, Madison, Wis.), and sizes were estimated.
Cluster analysis was performed on the three isolate panels using three VNTR loci sets. The first set consisted of the 12 MIRU described by Supply et al. (37) , the second was the same set plus the remaining ETR loci, giving a 15MIRU-VNTR set, and the third set was comprised of 25 VNTR loci (designated 25VNTR) as described above. A summary of the composition of the VNTR panels referred to in this study is shown in Table 2 . All VNTR analysis was performed blinded to all other epidemiological data.
Calculation of the discrimination index. The discrimination index was calculated as described by Hunter and Gaston (20) . The closer the value is to 1, the more discriminatory the locus. The results of this testing can be seen in Table 3 .
RESULTS
Study 1. Study 1 consisted of 71 isolates involved in 11 outbreak investigations. This included investigations containing both linked and unlinked isolates. Linkage was established using a combination of RFLP (for HCN) or RFLP and spoligotyping (for LCN) and RAPET with other epidemiological (contact tracing) data. The results are summarized in Table 4 . The 12MIRU set clustered the isolates that had previously been shown to be linked but also clustered with two further clusters, each containing two RFLP-IS6110 high-copy-number isolates that had no epidemiological links. In both cases the similarity between the RFLP patterns was over 70% (data not shown). The 15MIRU-VNTR set gave the same clustering results as those seen in the original outbreak investigations. Interestingly, the 25VNTR set gave the same results, except for one cluster of three strains, which was divided by two loci, 531 and 2163a, into three unique types (data not shown). Where isolates were analyzed using VNTR in duplicate, identical profiles were seen. Study 2. Study 2 was designed to determine the value of the VNTR technique within a population (n ϭ 125) where the majority of isolates present were shown by RFLP, spoligotyping, and available contact tracing data to be unlinked. This population, however, was known to contain an established outbreak of 12 individuals. As was the case with study 1, the VNTR technique was performed blinded to this information. The results of the various typing strategies on the entire population are shown in Table 4 . From this study, it can be seen that in comparison with the conventional strategy of HCN-RFLP and LCN-RFLP/spoligotyping (defined here as "the conventional method"), while 12MIRU and 15MIRU-VNTR both overestimate clustering, 25VNTR is actually more discriminatory than what is currently used. If spoligotyping data are used together with 12MIRU or 15MIRU-VNTR, clustering is reduced to near or below that seen using the conventional method. Adding spoligotyping to 25VNTR does not further reduce clustering seen with this loci set. In order to determine the effect of the proportion of HCN and LCN strains on clustering, the population was sorted into these categories and the typing strategies were reapplied (Table 4) . Among the 98 HCN isolates, both 12MIRU and 15MIRU-VNTR overestimated clustering almost twofold in comparison to RFLP. 25VNTR showed the same degree of clustering as RFLP. When applied to the 27 LCN isolates, all the VNTR- 
a A check mark indicates the locus was included in the panel. based methods proved more discriminatory than the combination of RFLP and spoligotyping. 25VNTR showed there were no clustered isolates within this small population. Study 3. Study 3 examined a sample of isolates taken from London, which has a different population structure than Leicester, having far more ethnic diversity. Although RFLP and spoligotyping data were available, the VNTR-based techniques were done blinded to this information to mimic how prospective VNTR typing would work. The clustering seen within this panel using the different typing techniques is shown in Table 4 .
From this panel of 248 isolates, it was observed that in comparison with the conventional method of HCN-RFLP and LCN-RFLP/spoligotyping, none of the VNTR-based methods used alone performed as well (Table 4) . While a threefold drop in clustering was seen between 12MIRU and 25VNTR, 25VNTR showed more clustering than the conventional methods. The addition of spoligotyping data to the VNTR panels dramatically improved discrimination in both the 12MIRU and 15MIRU-VNTR data sets by approximately half and reduced clustering within the 25VNTR set to a figure close to that of the conventional methods.
In order to determine the effect of the proportion of HCN and LCN strains on clustering in this population, the isolates were sorted into these categories and the typing strategies were reapplied ( Table 4) . RFLP of the HCN isolates (Table 4) gave the lowest clustering values. The VNTR panels gave between three (25VNTR) and eight (12MIRU) times the clustering seen with RFLP used alone. When spoligotyping was added to VNTR, this clustering was reduced to at best more than twice the clustering seen with RFLP.
In the case of the LCN isolates (Table 4) , while there was no difference in the clustering rates seen between the conventional method and 12MIRU typing, both 15MIRU-VNTR and 25VNTR reduced the clustering seen from 34.1% to 18.1%. The addition of spoligotyping data to 12MIRU reduced the clustering seen when this technique was applied uniquely. However, it was found that the addition of more loci in this case had no effect on the discrimination seen.
Determination of the individual discriminatory powers of the loci used. While this study has shown that the 25VNTR panel was the most discriminatory of the three used, it is likely that a number of loci provide more discrimination than others, which in turn could allow for the reduction in the size of the panel. To demonstrate this, the Hunter-Gaston index value (20) , seen as a marker of discrimination, was calculated for each locus from the results of study 3 and were ranked in decreasing order. Using this ranking as a guide and starting with locus VNTR-3232, the loci with the highest Hunter-Gaston index values were added until the same pattern of clustering seen in study 3 with 25VNTR was seen.
Although a number of loci were highly discriminatory, when added to the panel they provided little further discrimination, while some with lower individual values did. Through the addition and subtraction of loci, a panel of 18 loci was found that gave the same discrimination as 25 loci for study 3. Using the same strategy for determining the best panel to be used alongside spoligotyping, this panel was further reduced from 18 to 14 loci with the removal of 5 loci and the addition of locus MIRU-40.
DISCUSSION
False clustering with VNTR and the similarity of RFLP patterns. The ideal level of discrimination required between strains of M. tuberculosis is dependent upon the use to which the data are being put. At one extreme would be a level of discrimination that would distinguish between M. tuberculosis and other species. At the other extreme would be a level of discrimination capable of distinguishing between subpopulations within a clone. A useful level of discrimination for epidemiological purposes is somewhere between the two, although a higher level is probably required for typing patient populations than that required for investigating suspected outbreaks. Currently the best evidence for a transmission event and hence an epidemiologically useful cluster would be two patients with matching IS6110 RFLP fingerprints as well as spoligotype and conventional epidemiological data. This would a Clustering data seen when different typing methods were applied to the three isolate studies and studies 2 and 3 divided into HCN and LCN categories. The conventional method is IS6110 RFLP (where the copy number is 5 or more) or IS6110 RFLP and spoligotyping (where the copy number less than 5). The asterisk indicates figures that are in agreement with other epidemiological data.
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at Penn State Univ on April 14, 2008 jcm.asm.org be the best reference for evaluating other methods for detecting clusters. When evaluating molecular analytical methods, if higher levels of discrimination than those seen with the IS6110 RFLP and spoligotype fingerprints are seen, the use of conventional epidemiological data becomes essential for defining "true" clusters. The VNTR analysis of M. tuberculosis makes routine prospective typing of large populations a practical proposition. The highest degree of discrimination is required for the identification of clustered cases in a population that are not apparently linked by any other means. In this study, we define cases that are clustered by one method but differentiated by another as false clusters. If clustering data are used to inform contact tracing, the choice of VNTR methodology must be driven by the need to minimize false clustering and hence "false alarms." This study accesses the value of different combinations of VNTR loci compared to the reference IS6110-RFLP methodology in a strain panel that is highly characterized at both a molecular and epidemiological level and a population panel of strains.
In a preliminary analysis, we defined clusters based on identical high-copy RFLP as true, while VNTR clusters formed with nonidentical RFLP patterns were false. Previous studies using the same criterion for the definition of a true cluster have shown that the 12MIRU panel indeed gives rise to a high proportion of false clustering events when used alone (22, 26, 37) . The addition of the three remaining ETR loci reduces false clustering in a small sample of isolates with known epidemiological linkage, which in turn is analogous to our study panels 1 and 2 (19) . In this current study, the rate of false clustering in all three investigations was seen to decrease with an increase in the size of the VNTR panel. However, the addition of the three VNTR loci in each investigation, while reducing the apparent false clustering rate from that seen for 12MIRU, did not eliminate this error completely, an observation also seen with the addition of the other 10 loci.
It has been argued that a degree of variability in RFLP patterns can be tolerated when defining clusters (38) . Minor changes may occur as the pathogen is transmitted from host to host over an extended period of time (2, 27, 34, 43) . In study 2, one isolate which was clustered by all the VNTR panels but not by RFLP (based on our criterion of identical fingerprints) was indeed incorporated into the cluster on account of strong conventional epidemiology evidence (data not shown). If we consider RFLP clustering being based on Ϯ1 band difference, as in the example above clustered by RFLP, overall only a very small percentage of false clustering would be seen in the study 3 population with the largest 25VNTR panel (2% of the overall total). It has been postulated that the molecular clock for RFLP is faster than that of VNTR (25) , and therefore this may account for an overclustering of samples using the VNTR methods.
However, while some factors (such as preferential location sites) are known to affect IS6110 transposition (42) , there may be other factors which promote more drastic rearrangements. While it might be correct to assume that high-copy patterns missing one or two bands may be related, this may also be true in cases where there is less similarity.
A general problem with molecular epidemiology of M. tuberculosis is that some strains are more common in a given geographical area or ethnic group from a given area (28, 40) . Two indistinguishable strains imply transmission, but in these circumstances this may not necessarily have been recent and may reflect past transmission events in the individual's country of origin. Therefore, if we see two strains from different geographical areas in the United Kingdom that cluster by RFLP from patients of the same ethnic group, this may have occurred through the acquisition of a strain that is endemic overseas rather than a transmission event in the United Kingdom.
The use of other techniques in parallel with VNTR to improve discrimination. From our previous work performed on a subset of isolates from study 3, it was found that a combination of 12MIRU and spoligotyping was more discriminatory than RFLP alone (our unpublished data). It was initially thought that this may have been due to the population structure of this subset, which was mostly made up of low-copy isolates, where it is known that RFLP is less effective (6) . However, when spoligotyping data was applied to 15MIRU-VNTR data from studies 2 and 3, it substantially reduced the number of clusters formed and had this same effect when combined with 25VNTR data for study 3. This substantiates the observation of Cowan and colleagues (9) , who saw a reduction in clustering rates when combining 12MIRU with spoligotyping. Indeed, this group advocates, and has now introduced, a two-step procedure where a combination of 12MIRU and spoligotyping is used for first-pass typing and RFLP is used to test the clusters formed.
Population structure and the use of VNTR-based typing. Approximately 20% of the reference cultures received at the Health Protection Agency Mycobacterium Reference Unit are of low-copy RFLP patterns (four bands or less). Currently, spoligotyping is the secondary typing system used when testing these strains. However, in this work, we have shown that MIRU-VNTR and 25VNTR have far higher levels of discrimination than both LCN-RFLP and spoligotyping combined (see Table 4 ). This further validates the use of these VNTR panels in the typing of this subset of isolates. Splitting the populations into HCN and LCN isolates gives an indication of how VNTR typing techniques would perform in situations where a population has a higher proportion of HCN or LCN isolates than in London. Although the numbers of LCN isolates used in this study are small, the VNTR techniques alone or with spoligotyping are radically better than our current methods. Furthermore, we have observed that increasing the proportion of LCN isolates within a population improves VNTR-based techniques versus conventional methods (data not shown). In populations with a significantly higher proportion of LCN isolates, such as the Indian subcontinent, there would be more justification for using VNTR than in locales where HCN strains predominate.
The use of other loci to improve the discrimination. As already shown, the addition of more loci to the panel of 12MIRU elements improved discrimination of this technique. Using the minisatellite database, a further 10 regions have been shown to vary in size between the sequenced H37Rv (8) and CDC1551 (14) M. tuberculosis strains (data not shown). In addition, there are other loci that have been recommended as being highly discriminatory that may improve further on the panels we have utilized in this study (P. Supply, personal communication).
Further, a number of tandem-repeat regions are located within genes defined as PE-poly-GC-rich sequence-like (8) . It has been suggested that these genes allow for antigenic variation within tuberculosis infections (3), and these may offer additional variable regions for analysis. However, their small size (9 bp long instead of the 50-to 70-bp elements that have been analyzed here) will offer technical challenges in terms of data interpretation.
The aim of this study was to compare the VNTR typing methods with those currently available to the molecular epidemiologist. From our work, we have shown that while the discriminatory power of VNTR can be improved with a selection of loci, at this time this value is still less than that of the conventional HCN-RFLP and LCN-RFLP/spoligotype techniques.
For prospective typing, the most discriminating combination of VNTR loci should be employed. The data in this study suggest that the 18-loci VNTR set alone or a 14-loci VNTR set, if used in tandem with spoligotyping, would be highly discriminating. Investigation of alternative or additional VNTR loci may improve discrimination further. Application of these tools would minimize the secondary RFLP typing required, which has been shown here to give the maximum discrimination between isolates containing IS6110 in HCN isolates.
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